In a previous report, we demonstrated that a small number of B cells are present in the thymus ofnormal mice, and that the majority ofthymic B cells show the phenotype observed for Ly-1 + (CD5 +) B cells in other tissues (1). Thus, the majority of thymic B cells express surface CD5, IgM, B220 (CD45R), and Mac-1(CDllb), and a lower amount of MHC class II relative to peripheral B cells. The functions of the CD5+ subset and the minor CD5-component in the thymus have not been determined, however, because of prior difficulties in isolating these B cells.
MHC class II-restricted T blasts were isolated as the released blast population produced from cell clusters of CD4' T cells and allogeneic spleen dendritic cells as described (2) .
Isolation of CD5' and CD5-B Cellsfrom Thymic B Cells. Thymic B cells were double stained with FITC-anti-,u and biotinated-anti-CD5 plus PE-avidine, and sorted into CD5' and CD5-B cells using a FACStar. In some experiments, thymic and splenic B cells were treated with anti-CD5 (C3PO) mAb plus rabbit complement to remove CD5' B cells .
Proliferative Assays. The proliferative assays were carried out as previously described (1) . Assays for Iblyclonal Ig Secretions. Cells (106/ml) were cultured with 10 kg/ml LPS for 1-5 d. The secretion of IgM and IgG was measured by a reverse plaque assay using class-specific rabbit anti-IgM and anti-IgG antibodies (ICN ImmunoBiochemicals, Lisle, IL) .
Results
Low Responsiveness of Thymic B Cells to Standard B Cell Stimulation. The responses of thymic B cells and splenic B cells to LPS or IL-4 were compared. As shown in Fig. 1 A, the proliferative response of thymic B cells to LPS was significantly lower than that of splenic B cells at all time points assessed (day 2-5). This was also the case when the B cells were costimulated by anti-,u plus IL-4 ( Fig. 1 B) . Furthermore, IgM and IgG production of splenic B cells in response to LPS was much higher than those ofthymic B cells (Fig. 2) . Similar results were obtained in thymic B cells after passing through a Sephadex G-10 column (not shown). On the other hand, the addition of a graded dose of thymic B cells to splenic B cells did not inhibit the response to LPS (not shown), indicating that a low responsiveness of thymic B cells is not due to suppressor cells .
To clarify why thymic B cells have a lower responsiveness to B cell stimulants, we first examined the dose of LPS (10-50 hg/ml) or anti-14 (5-50 ltg/ml) required for stimulation of thymic B cells and observed hyporesponsiveness to these at any dose (not shown). Then we eliminated CD5' B cells by anti-CD5 mAb plus complement. Proliferation and Ig secretion of thymic CD5 -B cells were significantly higher than those of bulk thymic B cell populations (not shown). We then fractionated thymic B cells into CD5' and CD5 -B cells using a cell sorter after staining with FITC-anti-h and biotinated anti-CD5 plus PE-avidine. More than 70% of thymic jA+ cells were CD5' (Fig. 3) . After sorting, each subset was cultured for 4 d with or without LPS. As shown in Table I Responses of Thymic B Cells with Class II-restricted T Blasts . We next investigated whether thymic B cells could respond better if stimulated by the direct interaction with T cells. Irradiated (25 Gy) alloreactive (lad-specific) T blasts (5 x 105 or 105 cells) were added to 2 x 106 thymic B cells, and polyclonal Ig-secreting cells were assayed at 1-4 d. In fact, class II-restricted T blasts induced significant numbers of IgM, but not IgG, antibody-forming cells from thymic B cells, the response reaching a maximum at 3 d (Fig. 4 A) . B cell proliferation was also observed (Fig. 4 B) . The responses ofthymic B cells stimulated by class II-restricted T blasts were much higher than those induced by LPS (Fig . 4) . Both CD5+ and CD5-thymic B cells were proliferating in the presence ofclass II-restricted T blasts when assayed by flow cytometry, i.e., analyses of cell size and CD5/sIgM staining (not shown) .
To establish that CD5 + cells were responding to the T blasts, we did additional experiments in which CD5+ cells were depleted after culture with T blasts . Elimination of CD5 + cells just before the PFC assay caused a considerable reduction of the number of antibody-producing cells/culture, whereas treatment with anti-CD5 plus complement did not reduce the PFC in splenic B cell cultures (Table II) . Also, the few antibody-producing cells that developed in thymic B cells upon stimulation with LPS were resistant to anti-CD5 mAb plus complement . We also found that Figs. 1 and 2) . The weak response that we observed could be ascribed to CD5' B cells (Table II) . This peculiar characteristic of CD5' may only be in a population in the thymus, since CD5' B cells in peritonium have been reported to respond to LPS stimulation (6) . A Cells were assayed for polyclonal Ig secretion just after sorting on a FAGS (see Fig . 3 ) or after sorting plus culture with 10 Ftg/ml LPS for 4 d at 10 6 cells/ml in 24-well plates . CD5' B cells have been suggested to play an important role in maintaining IgM serum levels in normal mice (7). However, significant spontaneous secretion ofIgM in the thymic B cells was not evident in our work ( Fig . 2 and Table 1 ), a result that is compatible with the work of Hayakawa et al. (4) using peritoneal CD5' B cells. On the other hand, splenic or peritoneal CD5' B cells have been reported to produce antibodies against native DNA or Bromeline-treated autologous erythrocytes when stimulated with LPS in vivo or even in vitro (5, 6, 8) . This seems not to be the case in thymic B cells, since purified CD5`thymic B cells cultured with LPS did not show any IgM production (Table I ). In addition, no secretion of anti-ssDNA IgM antibody was detected (not shown) . Possibly culture conditions such as density or time of culture explain the difference between thymic and splenic B cells. Alternatively, there is a qualitative difference in the responsiveness of splenic and thymic CD5' B cells to LPS.
Interestingly, however, thymic B cells proliferated upon direct interaction with MHC class 11-restricted CD4 + T blasts (Fig . 4) . This response seems largely due to CD5' B cells (Table II) . In ongoing experiments, we find that thymic B cells stimulated with MHC class 11-restricted T blasts are capable of producing rheumatoid factor (not shown). It has been shown that in patients with rheumatoid arthritis, CD5' B cells produce rheumatoid factor (9, 10) .
The actual function of CD5' B cells in the thymus in situ is not clear. The findings shown here suggest that the role of thymic CD5' B cells in situ may be to interact directly with developing thymic lymphoblasts, but not to respond to exogenous antigens binding to surface Ig. This possibility is now under investigation. 
Summary
The function of thymic B cells in several standard in vitro assays was investigated .
Thymic B cells, 7570 of which were CD5 + , showed a poor responsiveness to the mitogens LPS or anti-a plus IL-4 . Both proliferation and antibody formation were much lower in thymic than splenic B cell cultures . However, CD5 -B cells purified using a cell sorter responded well to B cell stimulants, whereas purified CD5 + thymic B cells did not, indicating that CD5 + thymic B cells were unresponsive to B cell growth factor or LPS. Thymic B cells could be activated polyclonally by direct interaction with alloreactive T blasts, as manifested by DNA synthesis and antibody formation . These findings indicate that CD5 + thymic B cells may not be stimulated via sIg and IL-4, but require instead direct interaction with T blasts .
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